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RADIOFREQUENCY FIELD EXPOSURE OF
CULTURED LYMPHOCYTES FROM MACACA MULATTA

INTRODUCTION

For approximately 20 years now , scientists have been exploring
the possibility of di rect electromagnetic (EM).-fiel d effects on cells

- in general (e.g., 8) and lymphocytes in particular , both in vivo (5)
and in vitro (1, 7). The lymphocyte case is particularly interesting
because of its involvement in the immune response of organisms.

Prince et al. (5) reported that exposure to intense radio-
frequency fields (RFF) increased the mitotic potential of certain popu-
lations of ci rculating primate lymphocytes. These findings were accom-
panied by substantial tissue heating, i.e., +2.4°C, as wel l as 4.6°C
rectal and surface temperature increase, following 26.6—MHz RFF expo-
sure at 1.32 W/cm2 incident power for 30 minutes. Czerskl (1) had
reported earl I er relatively athermal EM—fiel d-Induced lymphoblastoid
transformations in human lymphocyte popul ations cultured and exposed in
vitro . However, even Czerski’s cultures underwent a +1.0°C change i.
during the course of exposure. In addition , the fiel d patterns In the
culture container employed by Czerski coul d well have promoted local
“hot spots” despite the relatively small temperature changes reported.

In an attempt to extend the Prince et al. (5) work on primate
lymphocytes to a thermally controlled in vitro situation , we initiated
a series of studies employing a temperature-controlled RF-exposure
culture cup (2) that also provides for wel l —defined RF-fiel d cond i-
tions. Thus, in our early studies we attempted to determine if cul-
tured primate lymphocytes exposed to intense (E=500 V/rn; H 4.4 A/rn;
SAR=400 W/kg) 30-MHz fiel ds would yiel d significantly higher mitotic
fi gures than sham-exposed control samples of cultured lymphocytes, Fwhile the temperature of the cultures under both conditions was hel d at
37°C +0.5°C.

In the first series of studies we exami ned extensively the
effects of 30-MHz fields on primate lymphocyte time-dependent mitotic
figures and blast cel l counts. Al though a great deal of data were
gathered, the results were equivocal in del ineating any possible role
of RF radiation In vi tro on lymphocyte mitotic processes (3). However,
the rate of success in bringing to harvest RF-exposed lymphocytes was
substantlI~lly less (68.6%) than the success rate for bringing to
harvest sham-exposed primate lymphocytes (92%). With this In mind , our
terminal study of the series compared pre- and postradiation lymphocyte
counts as determined by hemocytometer. The determinations were made on
pair-matched samples (i.e., taken from the same primate at the same
time) , and the results of these determinations suggested that exposure
for 20 minutes in the temperature-controlled culture cup resulted in a
statistically reli able difference in the number of viabl e lymphocytes.

_ _  _ _ _
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Primate lymphocytes ex posed to RF- f le lds produ ced lower v iable *~l I
counts than pair-matched sa mp les that spent an equival ent amount of
t f n ~ in a temperatu re-control led wate rbath (both 37 °( 0. 5° ( ’ )
the other hand , this d i f f e re nce was not found when 4 pa Ir-m atched
samples we re either sham exposed (0 V /rn ) or placed in the sanw
temperature -controlled waterbath. Al though the waterbath and tempera-
ture in the cul tu re cup were control led at ap~~oxlma tely 3~’ .O°C
0.5°C . the matched sa m ples were not “yoked” as such , i.e. , control led

• by the came constant temperature circ ulato r “plumbed ’ in series . ihe
results of these 30-Mh z pro - and postexp osur e comparl ~.ons are shown in
lath e 1 ( 500 V / rn and Table .

‘ (0 V/rn).

TA BLE 1. NUMBER OF VIABLE CELLS ( x  lOb/C ULIURL)
FOLLOW ING 20-MINUT E EXPOSUR E TO 30-MHz
F IELOS AT 500 V/rn COMPARED TO NUMBER 1W
CELLS FROM PAIR- MATCHED SAMPU MA INTA INIL)
I N IL MPFI~AT UR[ —CON TR O lL ED Ct I l  I IIRI LID’

“00 V/rn Contro l

1.21 1.3? r
1.10 2.00

2 .01 2.3 8

2.5 ?

Sandier ’s A .3235, df 3, p< .()f~
(ref .

While ? sets of 4 pal r—ma t.c hed camp 1 e s art’ ml n I ma 1 data • the
statistically reliabl e outcome wa\ nonetheless consistent with our
l ower success rate for cu l turing primate lymphocytes followin g RE - fi el d
exposure , and suggested that additional studies should be conducted to
determine if cell death or damage was i nduced in primate lymphocyt es
exposed In vitro to Intense 30-MHz fie lds. These latter studies were
conducted with the intent of emp l oyinq n~re sophisticate d cell-countin g
techniques (e.g.. Coulter Counter) than were employed in the earlier
studies (hemocytometer counts). In ad*litio n , ~~~‘ plann ed to examine the
effects of RF -field exposure on both phytohemagglutinin (PHA’h-
stimulated as wel l as nonstimulated lymphocytes. Final ly, in addition
to the counts obtained from the Coulter Counter we randomly selected a

• i number of cu l ture samp les to determine rnicro ccop lc~illy from v i ta l ly
stained smears If there was any evidence of dead lymphocytes or
cellular debris indic ativ e ~f damage (e.g.. membrane rupture).
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N :MPER Oh VIA PU (.1 ~~ ( x  lO b /CUL TURE ) 
________

FOl b n w i N ;  2O~ M IN I11F r’XPOSIIRE TO 0 V/rn Ac Ce ..’~,j oi~~ or

t r1I’AR~ 0 TO ~•~Nii 0 OF LI I LS FROM
PA I P — MAI ( IWL ) ‘hAMPL I MA I NIA I NET) IN ~~~~~~ TAU

II I ~ u I .. ~fIT POt I F  0 (I It TURF CUP

fl V/ nm Control -

• LU’~ 3.00

1.70 ~.7O ;‘;~ -

~~. 
Y 4.51 

: -

O. f~7? 0.755

Sind1t ~r
1c A ~144 . rlf ~~. 
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MI T HOIIS AMP MAIF RIALS

~ F R m di . t i un F f f~~’ t c on I yniphocy t t’s Not Stimulated with PHA

The suh,~ec t s were 4 adult male rhesus monkeys (Macaca mulatta)
restra ined and t ra nqui l ized w i th  ketatn ine (10 mg /kg , LM.). Ten-
m i l l i l i te r  samp les of ar ter ia l  or venous blood were drawn into a hepa-
r in ized c v ” i n q e .  Whol e blood was then centrifuged at 600 rpm for 20
m i n u t e s . ~nd the whi te  ce l l  layer of the suspensi rn was pipetted off
dO d nd~~ed with ulture medi3 (

~ aglo s ’ MEM , 10’ feta l ca lf serum,
iI ii n —ct r c ; ’ t c nyc in , and ‘ii ~ mi no added) in a 3: 7 rat i o; the tota l

volum e then being sp lit into two c-mi samp les. From each of the 5-ml
.ulture samp l es i 0.5-mi a li quot was removed and placed in a capped
test tube for the preradiation roll counts using a Coulter Counter
(Mod& F). fol l owing removal of the preradi ation sample , 0.5 ml of
culture media was added to the remaining 4.5-mi culture volume to
re~.tore total volume to the 5-mi capacit y of the RF-ex posure culture
cup. Because of the different cell concentrations in the preradiat ion
and postradiat lon samp les , the former cell counts were multiplied by a
factor of i.Q~ i.e. , the differential cell density of the 2 samples was

• taken into accou nt.

The “-ml samples were ei ther radiated or sham radiated in the
- 

~tain ic ’sc -ste~i cultu re cup to 30-MHz fields at a field strength of 500
• V/rn for 21) minutes . The temperature of the cell cultures during expo-

sure was maintained at 37°C + 0 .~ °C by a constant - tempera ture circu la-
• tor.
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RF SULT¼ NW DISCUSS iON

A t t~’r ’ i r c i t i a l  t ail ure s to aul ieve consistent precision In cell
t uun t lnq with a hemocytometer , arrangements were made to have our cel l
t ount~ done on a Coulter F counter in the Hematology section of the
Department ot I aburatory Medic ine in the University Hospital . The pre-
and postradiat ion sa m p les we re counted on one day , and the 24-hou r
incubation samples were counted on the following day . The cel l counts
are relative numbers which can he compared only to the counts done on
the same day , and the counts are quite variable for the following

* 

reasons:

1. In the Department of L aboratory Medicine , cl inical tests have
hiqher priority than the research tests. Research samples are counted
when the cl in ical  work permits. Therefore , the time from when the
samples were cent to the laboratory to the time the cells were actually
counted varied from mi nutes to hours . Al so, the handli ng of samples
varied daily with different technicians.

.‘. Pefore counting, 0.0? ml of our sample was diluted to 10-mi
isotonic solution (Isoton II). This dilution process still gives accu-
rate counts for &li nica l tests because of the high concentration of
wh i te blo od cells. However , i n ou r relative ly low concentration
samples , the error in counts was larger.

3. The background counts were checked by running Isoton II
through the Coulter Counter. These counts were highly variable and
dependent (in the setting and maintenance of the counter. While the
background co unt s usually appear reasonable for cl inical assessment ,
they at t une s seem high for our relat ively low cell counts . On many
occasions , the h.iokqround counts we re not even reported to us.

Resu lts of RF Exposure on Unstinulated Lymphocy tes

Despite the procedural limitations enumerated above , we we re
s t i l l  able to complete a number of “clean ” runs. The results are pre-
sented in rab le .1, which shows 8 pair -matched samples.

The counts presented in Table 3 were normalized to the preradia-
tion sham counts. The “blank ” figures in the table represent the
counts obtained by running Isoton II p lus culture media (withou t cells) 4
through the counter. The units are expressed in  terms of counts per
cubic mi llimeter of solution. Comparison of the reported background
counts  an d our “blank ” figures showed that the cu l ture media al one did
not change the background counts significantly. 
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Pi~ 0 pair-matched runs presented in Table 3 are briefly summar-
i ? t ~~i Pi Ta~c l~ 4 , which at first glance suggests that there is little , if
in’,- , e ffec t on the vi ability of primate lymphocytes exposed to intense
10-MHz f ie lds whether the determin ation is made immediately after expo-
sure or 24 hours later relative to the sham-exposed , pair-matched
contro ls. However , statistical evaluation of the difference scores
(Table 3) between matched pairs rerieals that the postradiat ion normal-
ized counts are signific antly different when counted immediately after
c~posure (A= .247, df~7, p< .O 5) hut not when counted 24 hours after
incubation (A:.43, df=7 , NS ). Nevertheless , tak ing all 16 paired post-
exposure values into consideration reveal s that 13 of the 16 pairs
yi el d l ymphocyte counts which are high er in the exposed samples than in
the sham-exposed samples. Thi s finding is statistically reliable
(p rO.O l1 , by Sign test).

These findings , summarized in Tables 3 and 4, are at var i ance
with our report that lymphocyte viability is reduced (see Tables I and
2)  consequent to 20-minute exposure to 30-MHz fiel ds. Indeed , we
appear to have more viable cells. We are at a loss to exp la i n thi s
find ing, one di äii~tric all y opposed to our earlier suggestion of lower
viability when culturing to obtain white -cell mitotic figures (3,4).
It should be pointed out that the earlier mi totic figure work employed
the mitogen PHA , while the results reported in Tables 3 and 4 here
represent the outcome of nonstimulated cells unde rgoi ng RF exposure .
Nevertheles s , ou r earlier study employing a pair-matched desi gn to
e xamine RE ex posure effects on lymphocyte via bi li ty al so fa i led to
emp loy a mitogen and this also resulted in a statistically rel i able
loss In wh i te cells. One possible explanation for the di screpancy is
that the original finding (Table 1) was the result of a false positive ,
and that the earlier reduction in culture viabi lity rate following RE
exposure was related to the presence of the mitogen PHA . Thus , it is
conceivable that PHA-stimulated prima te lymphocytes might somehow be
more susceptible to possible adverse effects of exposure to RE radia—
tion . This possibility has been evaluated by the methods outlined
above ~nd the re sults summarized i n  the following section.

TADI . I -t . - ! M ! - ’At ~Y 01 RI-’ — RA DIA T ION I F’t. LIS ON ~t)NKFY I Y M P H O C Y T E S

Normalized cel l counts

• llefore Af ter  24 hrs after
exposure exposure incubation

• Sham I I).~~ + 0.21 0 .92 + 0.25

¶ xposed 1.1? + 0. 31 1.04 + 0.28 0.97 ÷ 0.40

7
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rAO L I 5. COUL IER COUNTER DIFFERL NCE SCORES (RADIATED LESS SHAM
RADIATED ) FOR PAIR-MATCHED , PHA -STIMULATED PRIMAT E
LYMPHOCYTES

Culture Immediate 48-hour
sample ~~~~~~~~~~ ~os~~~~ation_ _~~ Dostradiation

1 (- 0.076 ( - )  0.193 NA*

2 (
~~1 0.032 ( - )  0.350 (+ )  0.350

3 C - )  0.054 ( - )  0.131 ( - )  0.162

4 ( - 1  0.053 ( - )  0.084 NA

( + 1  0.052 ( + )  0.010 (-I’ )  0.246

(
~~

) 0 .019 ( * )  0.461 N-) 0.033

1 1- )  0.106 ( - )  0.151 1+) 0.410

a ( - )  0.01? N-)  0.339 ( - )  0.020

9 NA C - )  0.220 C - )  0.010

It) ( - )  0 . 150 N-) 0.050 N-) 0. 139

11 ( - )  0.410 NA NA

1? N-) 0.090 N-) 0.320 ( - 4 ) 0.350

13  ( i )  0.120 ( + 1  0.500 N-) 0.010

14 N-) 0.130 (+) W 23H ( 4 )  0.1 10

N 13 13 11

Mean
difference C - )  0.032 N- ) 0.06 1 ( + 1  0 .132

= not available
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